Background Chinese people are one of the fastest growing immigrant populations in Europe, and their health has become a key issue to host nations. Although type 2 diabetes (T2DM) is a big burden among migrant populations, data on Chinese immigrants in Europe are limited.
Introduction
Type 2 diabetes mellitus (T2DM) is now recognized as a public health priority in China [1, 2] , where the prevalence of the disease increased from less than 1% in 1980 [3] to 11% in 2010 [4] . During the past century, more than 50 million ethnic Chinese individuals moved overseas [5] . According to a recent systematic review [6] , the prevalence and mortality of stroke among Chinese migrants are much lower than the rates in the native population of mainland China, but there is a higher prevalence and mortality of coronary heart disease in Chinese migrants. The Multi-Ethnic Study of Atherosclerosis study in the United States revealed that the prevalence of diabetes among Chinese Americans was 12.7-13.3% during 2000-2002 [7, 8] . In Europe, although different surveys consistently revealed that T2DM is a big burden among migrant populations [9, 10] , data on Chinese population are limited [6] . A first survey performed in the UK two decades ago showed favourable pattern of T2DM [11] and other risk factors [12] . More recently, the two sessions of the annual survey of health in England performed in 1999 [13] and 2004 [14] made available only rates of selfreported doctor-diagnosed T2DM [15] . In the last decades, migration flows from China to Europe have been mainly directed towards Italy and Spain [16] , and Chinese individuals are now the third largest overseasborn population in Italy. Prato has the highest proportion of Chinese immigrants of any Italian province [16] , and health needs of Chinese communities are of special interest for health policies, strategies, and plans. However, no data are available on the prevalence of T2DM among Chinese migrants now settled in South Europe [6] .
The Chinese in Prato (CHIP) cross-sectional survey [17] was thus performed, incorporating principles of community-based participatory research to estimate the prevalence of T2DM and its risk factors, awareness, and use of health services among first-generation Chinese migrants aged 16-59 years living in Prato.
Methods

Population and recruitment strategy
Located in Tuscany, 30 km far from Florence, Prato has a population of more than 180 000. Since the 1980s, Chinese immigrants come to establish their own business in the textile industry, taking advantage of a migratory chain that exploits networks of existing relationships [18] . Chinese regular residents in the city of Prato were 169 in 1990 and 15 957 in 2014. However, in 2014, the total number of Chinese residents in Prato was estimated to account for at least a fifth of the town's population, and we could not trust on the official demographic files. Therefore, we incorporated principles of community-based participatory research in designing and implementing the study [19, 20] . A community-academic partnership composed by the consulate general of Florence, the four local community-based Chinese organizations, and the Chinese and Italian universities was built to develop a sensitive, culturally appropriate, no coercive recruitment and enrolment process [17] . The four local community-based organizations offered their support in approaching their clients about the study. Staff provided verbal and written assurance that personal data would be kept confidential. A network sampling procedure was adopted [21] , where each unit initially selected by the Chinese community leads to more than one such unit to be included in the survey on the basis of defined relationships between units, such as between relatives, friends, or neighbours of the persons originally selected. The partners or staff captured the data on the number of potential enrolees who had been approached and who had declined further participation before they could be screened for eligibility. No incentives were offered to the study participants.
To be eligible for the study, participants had (1) to selfidentify to be born in continental China and to have grandparents born in that country, (2) to be between 16 and 59 years of age, and (3) to live permanently in Prato. Exclusion criteria included pregnant women, critically ill individuals, and individuals with impaired cognitive ability as judged by clinical staff members.
The cross-sectional survey was performed between June and November 2014.
Ethics, consent, and permissions
The procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (institutional or regional) and with the Helsinki Declaration of 1975, as revised in 1983. The study was approved by the local ethical committee (Ref.
OSS.14.089). Written free and informed consent of all participants was obtained. Participants with untreated clinical diseases identified during the examinations were referred to the Hospital of Prato.
Data collection
All participants were instructed to fast overnight before the day of survey. In the early morning (between 07.00 and 10.00 AM), the individuals attended the research centre, where trained Chinese and Italian staff members administered a questionnaire and performed physical [blood pressure (BP) and anthropometry] and biochemical (glucose, total cholesterol, and triglycerides) blood measurements.
The questionnaire gathered information on participant socio-demographic data, tobacco use, alcohol consumption, medical and reproductive history, medication use, and migration [22] .
Blood pressure was measured three times using a clinically validated semiautomatic digital sphygmomanometer (M6; Omron Matsusaka Co Ltd, Japan), with appropriate cuff size according to current guidelines [23] . The average of the last two readings was used for analysis. Body weight, height, and waist and hip circumferences were measured according to standardized protocols [24] . Waist-to-hip ratio was calculated as waist circumference (in cm) divided by hip circumference (in cm). Waist-toheight ratio was calculated as waist circumference (cm) divided by height (cm).
Biochemical measurements were performed on fingerprick blood samples using validated dry chemistry methods (AccuChek AVIVA, Roche Diagnostics S.p.A., Mannheim, Germany for glucose and MultiCare-in, HPS, Italy for total cholesterol and triglycerides) [25, 26] .
Non-fasting participants were asked to return at fast for blood tests. The participants with fasting glucose ≥126 mg/dL were also asked to return for confirmatory testing. All requested participants attended the second visit.
Measures
Diagnosis of T2DM was based on fasting plasma glucose criteria (≥126 mg/dl confirmed by repeat testing) [27] and/or current treatment with glucose-lowering drugs. Impaired fasting glucose was defined as fasting plasma glucose levels 100-125 mg/dL (inclusive), with no assumption of glucose-lowering medications. Type 1 diabetes was defined by clinical parameters [27] , including absolute need for insulin, young age of onset, and history of ketosis, for the purpose of this study.
Hypertension was diagnosed when the participant had average systolic or diastolic BP values ≥140 mmHg or ≥90 mmHg respectively, and/or was currently taking anti-hypertensive medications [23] . Overall overweight and central obesity were defined as BMI ≥24 kg/m 2 , and waist circumference was defined as ≥85 cm for men or ≥80 cm for women respectively, according to the recommended criteria for the Chinese population [28] . The cut-off point proposed by World Health Organization for Asian population (23 kg/m 2 ) [29] was also considered. Waist-to-hip ratio was dichotomized (<0.85 vs ≥0.85) based on previous reports [30] . Waist-to-height ratio was dichotomized (<0.5 vs ≥0.5) according to the recommended criteria [31] .
High cholesterol was classified for total cholesterol levels >240 mg/dL [32, 33] , and high triglycerides was classified for triglycerides levels >200 mg/dL [32] .
Other exposures included education level (no studies, primary and secondary school, high school, college or more), alcohol use, smoking (current smokers and noncurrent smokers defined as those who never smoked and former smokers who quit smoking), health insurance (none, registration to National Health System or private), Italian speaking (yes or no), and years of stay in Italy (quartiles) ( Table S1 ).
Statistical analysis
The sample size was based on an estimation of 8% of T2DM [34] . Considering a 95% confidence interval (CI), precision of 2%, the estimated sample size was 707 individuals by sex. We added 10% of the sample size to compensate for any eventual attrition, which resulted in a final sample of 1600 individuals. Crude prevalence of T2DM was estimated overall and by sex. For T2DM awareness and treatment, the analysis was carried out on the subpopulation of subjects with T2DM; for T2DM control, analysis was carried out on the subpopulation of participants treated with glucose lowering drugs. Agestandardized rates were based on direct standardization using the World Health Organization World Standard Population [35] . Values are expressed as mean ± standard deviation or n cases (%). Analyses were stratified by age group (15) (16) (17) (18) (19) Logistic regression analysis was used to evaluate the effect of independent variables on the diagnosis of T2DM. Exposures included age, sex, education categories, current smoking, alcohol use, total cholesterol, triglycerides, hypertension, BMI, and waist. Then, we performed multiple logistic regressions based on dependent binary variables. In particular, the odd ratios (ORs) and 95% CIs of T2DM and undiagnosed T2DM related to overweight, central obesity, waist-to-hip ratio ≥0.85, and waist-toheight ratio ≥0.5 were calculated in separate analyses (to reduce multicollinearity), all adjusted for potential confounders, including age, sex, education categories, current smoking, alcohol drinking, and hypertension.
IBM SPSS software (version 22.0, SPSS Inc., Chicago, Illinois, USA) was used for analysis.
Results
Characteristics of study population
Between June and November 2014, the partners approached 1850 people, of whom 138 were not eligible for the study because of age (68) or because they were born in Italy (56). Most of those who were eligible signed the approved consent and underwent testing (1608 out of 1694 or 94.9%).
The general characteristics of the 1608 CHIP participants (aged 41.7 ± 10.2 years) are reported in Table 1 . The participants were born in the province of Zhejiang (80%), Fujian (12%), or Liaoning (5.2%) and had left China at an average age of 30.9 ± 9.7 years. Only 18.0% had lived in China urban areas, the large majority (82.0%) coming from rural China. The participants were mainly occupied in light manual works in the textile industry (666 men and 803 women), a minority being manager or self-employed professionals (11 men and 14 women), students (12 men and 17 women), or housekeepers (1 man, 32 women). Overall, 548 out of 846 women (64.8%) self-reported at least one previous abort for unwanted pregnancy, and only 10 out of 635 women in pre-menopausal age (1.6%) used contraceptives. Current smokers and alcohol drinkers were mainly men (Table 1) . Overall, 57.1% of the participants had no health insurance, and 29% were able to speak Italian (Table 1) .
Type 2 diabetes
Type 2 diabetes mellitus was found in 177 subjects (11.0%), 119 being newly diagnosed (7.4%). As expected, age-specific prevalence of T2DM increased with age ( Figure 1 and Table S2 ). Age-specific values of fasting glucose, total cholesterol, and triglycerides are reported in Table S3 . In the overall cohort, crude prevalence of T2DM was higher in men (13.8%) than in women (8.8%) (age-adjusted OR 1.76; 95% CI 1.26 to 2.44). Crude prevalence for newly diagnosed T2DM was 7.4% (9.3% in men and 5.9% in women), with 3.6% for known T2DM (aware) (4.5% in men and 2.9% in women) ( Table 2) . Age-standardized prevalence of T2DM was 9.6% (95% CI 9.1 to 10.2%), being 12.0% (95% CI 11.0 to 12.9%) in men and 7.8% (7.1 to 8.4%) in women.
The proportion of participants with T2DM aware of their condition was 32.8% (n = 58) (32.7% in men, n = 32, and 32.9% in women, n = 26). Among the participants with known T2DM, 46 subjects (79.3%) were treated with glucose-lowering drugs (26 among men, 81.2%; 20 among women, 76.9%). However, only 11 out of the 46 patients treated with drugs had their fasting glucose (FG) values lower than 130 mg/dL [36] (6 out of the 24 treated men and 5 out of the 15 treated women). Among the participants aware of T2DM (n = 58), those who had a health insurance more prevalently used glucose-lowering drugs (OR adjusted for age, sex, and education 8.7; 95% CI 1.4 to 53.6).
For fasting glucose, total cholesterol, and triglycerides blood values by sex and age groups, refer to Table S3 . Agespecific and gender-specific prevalence of impaired fasting glucose is shown in Figure 2 . Age, current smoking, adiposity indices, triglycerides, and hypertension were all Data are reported as mean ± SD or n (%).
positively associated with T2DM at multivariable-adjusted logistic regression analysis (Table 3) . Among all participants, the association of T2DM with central obesity, waist-to-hip ratio ≥0.85, or waist-to-height ratio ≥0.5 was stronger than the association with overweight (BMI ≥ 24 kg/m 2 ) after adjustment for age and gender (Table 4) . Similar results were obtained when the participants aware of T2DM were excluded from analysis (Table 4) .
Only 47% of the participants (n = 752) answered the question regarding the years of stay in Italy (Table S4) . However, at logistic regression analysis, the self-report of this information was not associated with any variable of socioeconomic status or health conditions (Table S5) . Therefore, the influence of the duration of stay in Italy on T2DM was investigated in a separate analysis. On average, the duration of stay in Italy was 10.2 ± 5.2 years (10.1 ± 4.8 years for men and 10.3 ± 5.4 years for women). At logistic regression analyses, T2DM, adiposity indices, and high triglycerides were not associated with quartiles of duration of stay in Italy (Table S6) . Conversely, the duration of stay in Italy positively influenced the capability to speak Italian language (Table S6) .
Discussion
The present study provides the first estimation of T2DM prevalence among first-generation Chinese migrants living in Europe (age-standardized prevalence 9.6%; 95% CI 9.1 to 10.2%), showing that a large proportion of these subjects were not aware of the disease (T2DM newly diagnosed 6.5%; 95% CI 6.0 to 7.0%).
Many ethnic minorities have higher risk factor prevalence than their host European populations [37] . According to a recent meta-analysis, the risk size of T2DM varies by geographical origin of the group: three to five times higher among South Asians, two to four times higher among Middle Eastern and North African, and two to three times higher among Sub-Saharan African origin [9] . The prevalence of diabetes in Chinese immigrants to the United States, where lifestyle and diet are very different, was found to be higher than that in mainland China [6] [7] [8] . This pattern indicates that a less healthy lifestyle related to environmental factor changes may be a major trigger for diabetes development in Chinese immigrants [6] . However, although this information is crucial to formulate effective preventive measures for health improvement, reliable data on Chinese population living in Europe are limited [6, 38] . A prevalence of 6.2% of T2DM in a Chinese community living in UK was estimated two decades ago [11] , when the prevalence of T2DM in China was still low [39] . The more recent Health Survey for England program provided only data of self-reported T2DM (3.4% in men, 3.3% in women) [6, 14] . In recent decades, migration flows from China to Europe are mainly directed towards Italy and Spain, where no information at all is available [6] .
According to the recent International Diabetes Federation atlas [34] , T2DM in Italy had an age-standardized [35] Data are reported as n (%). (20-79 years) prevalence of 5.1% for 2015. In our Chinese cohort (16-59 years), the T2DM age-standardized [35] prevalence was 9.6%, comparable to values recently found in China [4, 34] . The high prevalence of impaired fasting glucose at young ages, as well as of high total cholesterol and high triglycerides, might let to expect a further increase of T2DM in a next future. The potential consequences of ineffective prevention and management of T2DM on future cardiovascular diseases might be remarkable for the health system [40, 41] . In our cohort, the regular use of glucose lowering drugs among subjects with T2DM aware of their disease was associated with being entitled to free access to the National Healthcare System. This pattern indicates that within the Chinese community, differently from what observed for other minority groups [42] , the value of drug treatment for chronic conditions is well recognized. On the other hand, the high prevalence of undiagnosed T2DM indicates that the removal of the administrative burden currently limiting the access to health services to undocumented migrants might be insufficient in the absence of information programs specifically addressed to ethnic minorities. According to the present findings, T2DM, adiposity indices, and high triglycerides in our first-generation Chinese immigrants are not influenced by duration of stay in Italy. It seems thus conceivable that at least first-generation Chinese immigrants do not importantly modify their original lifestyle. The Chinese community living in Prato is mainly composed by subjects born in China. Secondgeneration subjects might however follow different behaviours [43] . Considering the important presence of Chinese people in Italy, now the third largest overseas-born population in the country, specific interventions aimed at the prevention of new T2DM are urgently needed [44] . How to identify individuals at risk on which to focus prevention strategies is a focal point. As expected, adiposity indices were all associated with T2DM, thus highlighting the importance of monitoring weight in prevention strategies also among Chinese adults. Asian people are predisposed to central obesity even among people with normal weight. Our study provides further evidence for the important association of central obesity with T2DM because central obesity indices were better predictors of T2DM than BMI, the results being not modified by the exclusion of subjects aware of their T2DM. Investing in a multiethnic perspective for eliminating inequities in T2DM care is now relevant for Europe [40] .
Strengths and limitations of the study
The limited information available on Chinese communities living in the South of Europe highlights the main strength of the present study. We decided to enrol subjects in the age range of 16-59 years to create a cohort which can be followed in the future and to invest in prevention. The community-based participatory research was an instrument to provide equitable, accessible, and culturally-competent healthcare and gave the opportunity to all undocumented migrants found to be affected by chronic diseases to have access to the public healthcare system for required needs. The survey let the patients' appraisal and knowledge of this possibility to be shared within the Chinese community, and voluntary new accesses to healthcare services are improving. The effects of this process will be investigated in future follow-up studies.
On the other hand, we are aware that the inclusion of undocumented migrants in the present surveys bears the first limitation, which has to be acknowledged. The conventional sampling procedure adopted in epidemiological studies leads to exclude undocumented migrants from surveys because the ability to go back to a list of individuals in some form is lacking. This population is also excluded from healthcare provision for chronic disease in most EU countries, and this is an obstacle to prevention strategies [24] . Beyond conventional sampling procedures, a class of alternative methods has been proposed, especially in the social sciences [21] . The direct participation of the Chinese community to a shared project is to be acknowledged. Pending availability of better data, we think that our approach, though not ideal, is a fair compromise. In addition, when considering the proportion of subjects in our cohort who self-reported healthcare provision, with respect to the total number and the occupation of the participants, we may reasonably consider that our cohort is representative of Chinese first-generation migrant workers living in Prato. Second, in the present study, the temporality of the given associations is unclear because of the cross-sectional design of this study, and thus, the adiposity measurements cannot be used to predict the risk of incident T2DM. Third, fasting capillary plasma glucose rather than fasting venous plasma glucose was used as the screening test; however, in a multicentre, prospective study, there was an insignificant mean difference of 0.01 mmol/L (0.18 mg/dL) between the glucose levels of the capillary fingerpick sample analysed by the glucometer and the venous sample tested by the commercial laboratory [45] . Fourth, we did not specifically distinguish type 1 diabetes at the screening phase of CHIP reported in this study. However, during the survey, we did not find subjects with clinical parameters fulfilling the criteria for type 1 diabetes. Finally, in the present study, we did not have oral glucose tolerance test and HbA 1c data for identification of undiagnosed T2DM [36, 46] . This may have led to underestimation of the prevalence of T2DM.
Conclusion
The high prevalence of undiagnosed T2DM found among a population sample of Chinese young and middle-aged adults settled in Italy indicates that management of T2DM in this ethnic group was not optimal. Present survey provides health authority with useful information to respond to the health needs of the Chinese community and to develop specific strategies to combat the epidemic of T2DM in minority groups settled in Europe [44] . of China (Dr Wang Xinxia and Dr Wang Fuguo), Mr Han Yang (Vice Consul), and Mr Chen Hong Sheng (Friendship Association of Chinese in Prato) for providing the necessary support to interact with the Chinese Community; and Jing Yang, Wang Xiaoling, Zhang Mengyue, Yang Zihua, Guo Jia, Lara Bini, Maira Camera, and Sonia Fligor for their contribution in the acquisition of data.
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